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(54)Title: ORTHOGONAL FREQUENCY-DIVISION MULTIPLEX TRANSMISSION SYSTEM, AND ITS TRANSMITTER 
AND RECEIVER 



(57) Abstract 

Received OFDM signals are transformed 
from a time domain into a frequency domain 
by Fourier transformation (12) to generate a 
vector sequence of each carrier wave in the 
frequency domain. Necessary dispersion pilot 
signals and termination pilot signals are 
extracted (13) from the vector sequence and 
divided (15) by a modulation complex vector 
to estimate transmission line characteristics 
relative to the dispersion/termination pilot 
signals, and the transmission line 
characteristics are interpolated (16) to estimate 
transmission line characteristics relative to the 
information transmission carrier wave of a 
synchronous detection segment. The vector 
sequence is delayed (17) by one symbol. The 
interpolation output is selected (18) in the case 
of the synchronous detection segment, and the 
delay output is selected (18) in the case of a 
differential detection segment. The vector 
sequence is divided (19) by the selected output, 
and the result is subjected to synchronous 
detection or differential detection and 
demodulated (20) to generate digital information, 
realized. 
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Thus, high quality demodulation and demodulation suitable for mobile reception are 
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m:!^ ^ t L X . m ^i^m w *5 it s d v b - t ^ ^ , -r/jit^ 

h ETSi 300 744 (ETSI : European Telecommunications 
Standards Institute) f)^ ^ \f h> H ^ o 

^ CI h (Scattered Pilot) ff-^j;!, 4 5 ^ \ T (D Wi ^i^ 
K ^ ii a h (Continual Pilot) ^ 5- , 1 7 ^ V 

T (7:>m.m^^ Mm\nmL (tps) m^ic:, i5i2=5r-t'yTc^i)& 

h <^ fi m L T g $ tt T v> S o * . ^ tS: ^ D 5/ h ft ^ 

1 o C7;> /V T' (7) P ^ ia H /J^ 1 2 ^ y T Ml Sfi B 

$ . ^ /I' ic ^ jSJ i5c ifl ® 3 ^ ^ y T -r o :7 h 

U T ia g $ H T *3 >9 . B# SQ g 4 >- x}^' /I- W o T 

Jrflsi^icitt, ^-yyT^-^kSriffid^bJilBJ^Od^^jl 7 0 4. 

-Ydj/hm^ti (1) i: i> 'J T m ^ \^ <Dmm^\^^ 

M $ tt 5 o (1) 5t{r*3V>T, mod \-±m^'^% ^ I. . p 



ii ^ -r o h ^ fi , dr ^ y T # k = { 0 , 4 8, 5 



k = 3 (n mod 4) + 12 p 



( 1 ) 
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4, 87, 141, 156,192, 201, 255, 27 
9, 282, 333, 432, 450, 483, 525, 5 
31, 618, 636, 714, 759, 765, 780, 
804, 873, 888, 918, 939, 942, 969, 
984, 1050, 1101, 1107, 1110, 113 
7, 1140, 1146, 1206, 1269, 1323, 
1377, 149 1, 1683, 1 704)cOiBi^jgt(cBilg 

r n <b 5> fiic s ig / ° D h . ^ n^' nm^ ^ 
5 =^ ^ y T s k {d >?t jic? i- s p N imuiim) ^ ?u w k 

(2) is:;{c:^-r^m-<i^ ^^^^k,n i^^^rm^i^ 

^mm\^Xnhth^„ (2) ^{C43V^T. Re {ck.n ) 

u T#-^k, :y Ti'^ -^r n (D m^m it^-f' ^ mm ^ 

3S *5i-o 



^ fc s T P S (Transmission Parameter Signaling) <}; l¥ (i* 
i^ 5 ffiiJ 'ft « ^ y T # k = {3 4, 5 0, 2 0 9, 

346, 413, 569, 595, 688, 790, 901, 
1073, 1219, 1262, 1286, 1469, 15 

9 4, 1 6 8 7} comm^^i^mm^n. i^iy my^mi^ i f ?/ 
h <D M m m n ^ ^m-r ^ o 

> it^ ^- n (D /-K /I' T- ij^- 1" 5 fliij tW $R :y ^ ^ S „ 




( 2 ) 
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4 

t-r ^ t . mmmmm ^-ii ( 3 ) it ^ -r m * h c „ 
\^ X X m m ^ ^ Mm X m h ti ^ . -r^j:t>h. mmmmt 
^■ ^ ism-r ^ m^nkn . ^ jj^'/vp^i -eigtij 2 « p s k (Phase 

Shift Keying) MM^tL^^ 

[ lm|ck n| = 0 

r ( 3 ) 

[lm{ck,n} = 0 

fa L . :7 u " i>. o 5fe IB V- > ( V # ^ n = 0 ) -e 

X {&j ^^ tf $R ^ e it- -r 5 M ill ?s ^ Ru ii (7) p N m ?y w k i- 
r5\,^x. (4) 5(:{c^-r^im-<i^ f-^i^ck.n t-J;oT^ii$ 

Re{ck.o} = 2(i-Wk) 
[ Im{ck,o} = 0 

± IE ^ CD tf ^ ill ft (C ;H V^btt5)l 5 1 2 ^ ^ V T (D 
mm^i-i. v= -1- v= ^J' tt #g t- ^ <5 V^ T . Q P S K . 1 6 Q A 

M . -tfci-i. 6 4 Q A M p § ^^ 5 o -T t^^ <D ^ m :fj m m 

iS'/L'tS^g^^Sii-at^JlScoSftSJjfif^ — f?«i5:lll 1 0 i^^-to 
mi 0(:i*3V^T, §:ft$tifcOFDMft-^tt^a.— o 

TPtPB^-;il^i^:'^m^tvTJS!Sfc®Js)^coj^ill^S^i(Z)-<^:^ h/v 
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5 

?|J i: 5 o r CD ^ h J-iJ iSc ^-^ n 5/ h W [U iJ§ i 0 3 
lkXJ^mm.y<^ ^ y h*l{]|±llHlS§l 0 9l^#t^$HSo 

5> gjr ^ n v^^mmm 1 0 3 . 7 - y 31 ^ iHi 1 o 

2 tB -r 5 -< iJ' h ^ij lb ^ fc u 5/ h {S ^ ^ W 5 o 
^ h /V IS ^ [Hi 1 0 4 , 5}- Sfe ^-^ ^ D 5/ h Hi iHl E« 1 0 3 

mini gg 1 0 3 T' Jib t±i ^ n fci ^ iSc ^ a 5/ h ^ -< ^ h /^ 

^ b 5> ft5c ^ V h ft ic 5 e ill SS # t± ^ ffi S i- ^ o 

iHl 8S 1 0 6 fi , 1^ ^ lEl 1 0 5 T' # fc 5> S5: n 
h m ^ {;i # 5 f5 S« # *li l%1 L T . ^ T ill (d 

{>! ^ ffi FbIIgI liS 1 0 6 -e ^ $ *x fc^ iHJS 4* 'tt T- L T |5] 

Kll It i- 5 „ m P3 tS] Kg 1 0 8 , 'ft j^- ft ^ ^ |5}c i- 5 1^1 
(T^^ia;??^- (QPSK. 16QAM. 6 4QAM^) C^t^o 

sg 1 0 2 m ;^ -r s -< ^ h /i^ ?ij b ii ^ n h ft <|r tdl 

Sg 1 0 9 -e Ift tli ^ H il M ^-^^ o 5/ h ft ^ fc? f a m 
hyvck^n ^^^-rSo P^I^»ISIiigi 1 
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6 

y-? ^ a 5. h ft {c 6 {5 B§ 1* & ^ i- 5 o iSi :7 - y ^ 

'^^Esgi 1 i^^-iassi 1 iT-jt^^n/ciiM^'^'^D 

■^^ h ft S {5 Sg # «r M K 1^ - P# PbT m L T e )ll CO 

^ ^ /I- ;^ It ^ # 5 c 

?g p;? m 

b L . ti6 * o O F D M e it . 7=' 

fii^{Si||i-5JiBi||iS(Z)^Sg(c:QPSK. 16QAM, 6 4Q 

A M ^ Jci J; 5 ^ +S ^ /55 Ji § 4x X 19 , ^ cd ft p {c: tt# F^T 

6 , :7 ::c - 7=' ^ V i^' ^ }c J: o T {5 i^- SS !f# it 
# Sj g jt -e + ^> fa iH p°B W /jMt P> ;}T^ J? 5 „ 

« P :^ 5t 1 o 2^ Ji) b n T 1/ ^ 5 . — <7D ^5' 

tt m ^ ^ Ilj L 4^ ^ ^ « T- t 5 J; 9 5- . -< '9 ;v \^ n {n 

-r -5 ^Ei£ CO M ^ »J S m ii L fJ'iJ ;t tt* ^ lb. Q P S K 

^m-^MK\.f^ h b T t> . ^ fK ill ^ ft {j.^^ < fa r>X^) 

* fc. i$ 1^ a h it ^5 p;f ^ y T Ftfl PS A o M 

^ CD (D v^ -r Bfi g ^ T i> s fc . is C3 2/ h 

it b «fe ^ T' # S ^ ill 3g > >^ j^: ^ # tt ^ ^J) :x 
/l^ ^ Pfl 6 ( ?S <D a /Jn ii ?^ PbIII (7:> ^ ) (O A (D 1 (7) 

iff'9iSL^5li:5o 
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^ m n L r' ^ m m ^ m -t ^ m m i& <D u ^ 

6^ # Sb ft 1^ 31 L p ;^ 5t 4: i» A L > * . mm^<^ ^ 
y Y \t ^ fi^ h ^ fx. ^ {am^ o:> y( ly y< ;v 7. m ^ "0 M \. 

C /.e v^ j; 9 jS ^ -< p h ft ^ la g U O F D M -(5 

± ici <D M ^ ft? ^ -r 5 * . ^ ig n;i 5 o F D M e 

;^ it T" J; 9 ^ H 6 o 

( 1 ) S fc a v^ ic lE 5S -r ^ ^ ^ M S 

1§ ^ CO M il^ li ^ b T 7= ^' cJ' /Hf m ^ a -r S O F 

^ n h m ^ {C fi] a T . m m \ ^ SX A:.(D^ r ;^ > h^ir 

— ;^ i L T /IJ v> s T* o r . 

-mumm^.^m^ ^ ?^ h « , > 4? 25. t)< jsi 

*g T"^ p i~ 5 ^ « ^ n :y h {t ^ ^ Bfl L . ~> V tJ? t ^> |WI 

C /i^ & ^ M i& J- ^ ^ J§ St ^ f^ tf ^ o T M ( M « 

2. \iK ±.oy ^ ^fSrt@v^7h:Sr — -r^^' (MtllPSK) 

S VM* V- 4? ;(7 f^fj T- <z> M ffij M f2H=B :7 V ^ — ^ v iP^" J; 

•9 P -r S fi- :»JIJ tt ^ ft ^ Sa L , ± BE i!^^ ^ O ?K ^ 

1^ M ^ ftr IE 7=' ^ V? ^ « i- tie o T ^ ^ t- 5 t» fS ft 
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* E L , 

^ — -< > :^ h ^ \i -y :y ^ :f7 \^ X- ff) mW) M W iiL ^ y h ^ 

~4 r id J: ^mm-f-^^HMmmBmm^^mv. mm-r ^ 
mm^^m±^^?< ^ h (Dmm^^m:^<4 a 5/ h m ^- o) mi^^n^ 

^sRummx^m-r^mt^^<^^^y h m ^ iE l , ji te ^ 

<7:> i5 it )S i' ^ J® ill Hil IE tt « o T si -r 

mm^mmi^n ^< ^ rii h <t ^ . BT) IB m »] jgi ir / > 

h {c fcMt 5 mi IB 5-> fc ^< a h m ^- CO m m mm m (D m m \t i: 

»^ «i: it AE (7) t>' tg iI'S -e P -r -5 X 0 U o 

( 2 ) ty /u m m u s. m. ^ -r ^ m m m m m h ^ 
^s.m(D mm^^ i^MM ^ m \^ X 4 ^ ^i^m n ^ Bm-i- ^ o F 

D M{5 it;^^ *3 T . 

MiE1iic<^«it^«7)5^s ^^oMitigi ^ 1 ^ii: t L T 

1 ± (D ± hjrsiJST. 1 -^"ik }L(Dm.m^^mmm 



4 xj^ y Y {% ^ \z.m% X . ml le 1 o J£A ± CO ir ^ > h ^ -tr 
r ^ >- h © (c ^ ^' [rI It ait ffl * }^ci (i ^ » 1^ igc ffl (7-) T 4x 

HIT IB |WI Jt^ ^t ffi ir ^' 7< ^ h . V ^m^p Tol ^ ^ 

^sj^»)6lJ{r5)-t!cLfcj^iij&(-^^«it?S<^it#^(^&>fB^U^ti 
T Im^ 5 5^ t<c p 5/ h It <lr iSa L , fit ?K i: ^ [Rl 
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— ^ 7\ l/^ itt \/ 7t? /U 






(7^ ^ iwr icH /tV in 
S/J IVl -yO lit. Tn 
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Mr rr\ \^ ^ ^ 5fe iifHi -Ji^f i> 
^ j^fe iiSt fr^ 3 J^iR «>c 'a: 
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/w" J:B 7?^ TK Jt^ ifi"" -7^ 
11L T0 i!K Vfn 




ii -r 5 






V/ 






m (7> in 


^ }^ ^ ifft ;-¥i ^ /tI- -Jin W *B 
lix 3 Im iix ^air 1*1 yJU 1h w 






T M ^ -fi i/ :7 




^ — -r 


^^ fc 5 V Mi V/ V /j^^ /u- f»j -ir 


o:> 


MB* 


M >|B +a S/ :7 h 




— A y v 


J: ^ ^ {i- AO '^^ m 




m ^■ 


sa L . p -r 












h o ^ sa a 












?S 5r 1$ ^ +a 




-a- m. -e 


m m 5 jffi y< n h m 






L . i IE ^t- O 




ill- ^ 




m 




o T p i- 5 




<5 {t 


^ IB L . 












mt^^^^^^^< ^ n >^ h 


m 






ir p{ 






h in 


^ o ?gc ia {g 




;si itJJ f± ^ 


vi5§ -3 e iimi 




iE 





(3) (1) * (2) (D^Hfig *3 v^ T , Hij te p >HJ1 1^ 
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ga ^ > - gi5 * ii CO @a m i: -r 5 o 

(4) (1) * (2) (7>«ii£ *5 v> T , mmmmmi^ 
ffl ir r p< h -e J4 , m m nim m m B m m ^ (D m m mm m ^ . 

ffl ir ^- ^ h <o Btr te )$ iE n :y h ft w ;g ?s m la m . 
-^fi5*S'^satt^-rSo 

(6) (2) co^^|fie^;lt3V^T. mi§2IW|itB1^?fe;i!-1rir^>h 

T- . Hlf 15 ii ^ ^< -f D 5/ h ft (Z) ;gj ^ IB e :^ , H« SB M ffij 

iSfflir^''^ ^cDmrfEi^■^^^°-f' o y h m ^- (D m m w:m m (D — 

(7) (1) ~ (6) CD -r « fijcl^ *5 T , hu HE 

*p $g (i , fiij mmm^^tJo 

( 8 ) ( 7 ) <o fiJi jo T . iju in $ij tS 1« « V 7K :tr 
\^ X- (D mW) 2 m i± ^ y h ^ — 4 ^' (DBPSK) 

{5 i- ^ o 

(9) (7) co^||fi)c^c^oV^T, fifrf2|nlJ|?^jSfflirir^:/h 

mf te ffii] ft ^ CO j& ^ ia K i: , m te.mm^^& m ± v 
v^o^mm%\m\tm.(rym's^^m.w\^. — * ii (o la g t -r s „ 

(1 0) (7) c7:)#|^}c^av^T, BiJHEIR]«fl1^iSffl-1riJ^p(>' 

(1 1) (1) - (10) (D -r t\. f)^ (D m \z id X . m 
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^ mm) (D^^m t \^ . mrd^j^Wii^<-f^^yhim^-^N^-rVT 
mmx- f}^-:> ^ /i^Ul^ L ( L f± N <7) 1( ) ^ U T i* o v- 

(1 2 ) ( 1 ) ~ (1 1 ) C7:) v^ -r /i*^ CO W jo T , tfr 

IE H M mm^mm^^ . h ua mnBmm^(Dm^mmm 
(Dm^ ~ V =^mi^M i'A ^ y< ^ iz. ^ X o f^n=(s^WL(D^ 
ife ic sfi -r 5 o 

(1 3) (2) CO p3c {C i3 T . ml IB 1^ <t ffl & !>' M »I 
ffl r / ^ f TMi , ^ tb CO ml ta ^ a h ft -^^ 

& . ^ it ^ 13 5/ V \n ^ (D nn^WLWLm. m -7 — ^ 

(1 4) (2) cD^^^^;55c^c:*3'/^T. miiElsJ»J^i!5fflS:i/Ml*) 
^ i& ffl -fe p« V h -e . ^ tv ^' Bu le ;'jp t# $R fg m ^- :s. v 
ig ^ ^ a h m ^ ^ . s fj- ;'jp tff ^ f5 jt a« ^ 
a 5/ V \% ^■ h (D n ^- ^e: ^ ^ fz. n i^wlw^w -7 — ^) ^ 

ifi ^ ^< ;v ^i^\z.f^ ^ 9 j^e ^ ^ (O 1® i&' iEl i- 5 o 

(15) ( 1 ) ~ (14) ct:) v^ -r tt CO ifS fig j:: jo T . hij 

(1 6) (1) ~ (1 5) CO^^-rtt5?l^(OWfig{^joV^T, m 

mmr^h^<4 n h m Htj IB M ©J m & ffi i^'' ^ h co ^ 

CO is jgi o {;:: @a g -r -5 „ 

(17) (l)co^?^fife^^*3V^T. 13tecoirrp<^h<!rl 
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m ts. m m ^w. m ^ ^ h ti^ . i > /j< 9 =Jr -y y 

i^- ^ * ffl v^ # tt # fS m ^ , 9 6 ^ ^ y T (7:) M ill j«£ ^ 
ffl V ^ fctt {5 ill m # <t ;i>- b #1 J53c $ ;^ . 

)JP if ft . 1 ^ y T (7) ffi ill Jg£ ^ ffl V ^ Jffi 

hm^<ir. 9 Q ^ 'J T (D mmm ^ m \^ uiikm m ^ 

(18) (2) (D^^CiiBU^T. i3figo-lri^'^:/h<iri 

=^ y T CO 1® it ^ ffl V^ fc 1^ ^ JIS ^^ ^ n h b «9 . 1 
f|s|(Dir^'^:^hiii 0 8^-ryT(DMill}2it-x?1ll^$n. 
^i*:T'f*l 4 0 Sar^ 'J T (D i)^ m h fh ^ 

mUW\m^%Tl^ m -^r }^ h . 1 y}^ ^ V) q ^ ^ y 

Tcomi^^S?:fflV^fc5^t^C/^^os/ hft-^<t. 1 ^ ^ 'J T (Dm 

tzmm.^< ^ ^ V t . 9 6 dr ^ y T CO M iH Jg£ <lr ffl fc 

f^- ;/jp t# jf t , 6 y r o iH K <Sr ffl fd ig o 
h ft <t . 1 ^ \ y r (D j)S iH ^ ffi v> fc ^ 2/ N ft 
. 9 6=5^-^ y rcoMilli^^fflVNyctf^f5illft-^<t;5^^^?l 
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* . 5g # S m g . SXT(DX^\^mn%^ti 

S o 

(1 9) (1) ~ (1 8) <D ii^ fh (D m ^ m m m ^ wi ^ 
mmm^^i^ J: 19 o F D Mm ±D^-r ^ Mm-t ^ . 
(20) (1) (Dm^mmm'^m^m^m^^i^J:'ooF 

m mm m <D m m iSi <^ ^ -h . Bxm^(DmmiS:^ 1 mi^L t lt 
1 ^ SI ± (D ± ^' ^ Nicfii^T, 1 ^ sx ± (Dmmi^ ^ nf mm: 

4 u h ft tc fi] T > ml ta 1 o 1^ ± -tr ^ ^ h <Sr ir 

h m tvm m ^ m ^ n mm ^ m m (D -rn 

— :fj \c Wl 'O ^ T 5 ia ^iJ ^ 15: . 

str IE 5^ ii: ^ n h ft . mmHMmmiSimm ^ . mf&m 

hft^^^H-?:^tb:3feRfei-Sft-^^Jife^l^.t^a.fS«L. 
HU IB Ed 5^iJ # 1^ TMi . Stf IE ^ ig!c ^ iffi a h ft ^ ml IE |p| 

2gC id gfi U . Hu IE [5] *>] jfe ffl p< > N o T t4 . ml IE 

tJc ^ n 5, ^ ft ^ ^' /I- 0# U« iSl ife iffi 5> S5: 

b «3: j|§ ^ Sa L . Hu SB fi- ?JD f& fs ft ^ © v- 7}^~ <t 

PI ^nWLWL(Dm.'^Wi\Z.'^^ L , Hfl IE tS * fs ft ^ -h BE C7:) 

M ?S ga L > ml IE M i«J ffl -fe ^ ^ b o T , ftfJ IE 

fi- *P tt # ^ ill ft ^ ^ /-)wi- <>: [Wl C iSc (7) iX- IS sa 

N mJ HE 5^ t5c ^ a h ft o Sa M CO ttf) fi ^ 
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jgt i!c CO M SB -r S J: 9 L c 

(2 1) (2) (Dm'S^m^m^7^m^m^5m:^^i^ X V o F 

C2 s/ h It ^ fi] ^ T . 1 o .b 0? -fe: ^ p< ^ h ^ ir 

- ;^ (- #1 "9 a -C 5 id ^iJ ^ © . 

mi HE ^ t!c h m > ml IE ^^• t» $U {5 <t > ml tB tf 

#1 e ii^ m . Hu pE ^ss ^^ ^ 5, h it ^ , bii ib ^ ^ -i- u 

5/ h it ^ . BU IE n H ft Pf3c -r m dfe ^ife ^ 

ml IB ia ^ 15: -e . m tiL ^ fl^ ^< ^ iy f it ^ mf IE la) 

mw. m (D m m ^ -m -rn ^ m.X' m m ^ ^ m ^^ (D m. 

tic y< ^ u y h m^■ ^ ly )^ B# r«1 ^ TJ? JSJ m S 6^ I- 5^ Sic 
b /c 1® {d IE L , ml IE li o 2/ b m > /i- i 

iwi D ;s ^ iic (Z) 1® ii^ ?s sa b . mr ie f^- 'it ^ is it & ~> 

> t In] C /a ^ CO is j^lii {;c IE L . ml IE '» $S i5 m =^ 

Ji|EUA^i^<^jfeilliS{-SaL. mllEggiljI^jKffiir^'pf ^ h{dov> 
T . mr fE ii ^ n 5. h it -55- ^ ^> :/ /I- <h t) lsn C ;si 
CO «g ?g£ Sa U . mi IE # JbU 'It $B {5 ill ft ^ ^* > /I' ^ IWl 
C ;g iJii <^ M ii ?K @a L . mj IB ^ W o 5/ h if ^ |^ ^ -f- 
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:^mm \^mt> ^ mmn . ^T(DXvi^m^^iv 

•5 o 

(2 2) (1) ~ (1 8) (D\>^-rtv:^^<DOFDMBm:^^ 

{cj; <o ^fig^tLS o F G Mit ^ ^ i.mm-r ^ mm^ R-m 
-r 5 o 

(23) (1) ~ (1 8) <D\,^-ril^:A^(DOFDMi^m:^^ 
o T . 

ml fS S: ft o F D M ft ^ ^ :7 — y ^ ^ M {c J; 19 mm^^m^^ h 
(7:) ^ ^ -e # b H S -< V 7um^^ hmUji^W:^^ ^ n y h ff 

r (7) ^ m ^ tu f:i ^ h /^ t¥ <^ Hff te 5^ tfc ^ U h ff 

CO 1^ ^ ^ ,1: . 

r (D ^ ^ CO ;'3 ii i?S iJ: fp] t/ v' /if /i^ ii# PpT ^ fBj {;i ¥ 
Bil td 7 — y ^ IS ^ ^ ife T* # ^7 h /I/ ^Ir 1 >- V 4? /i^ 
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^^$^(Dmtim^-x-m^ LTi^?&-<i^ h m ^ m -r ?> 

(24) (1 3) (DOFDMBM:fj^i^X'0^f^^t\.?)O 

mm^m o V r> Mm ^ ^ — V ^ m:m\^ ^ mmmi^:^^ h 

m t mm^ mih-r ^ 1^ v m ^ n ^ -y ~ v ^ mm ^ t . 
r # 15 -e # b n 5 ^ y n f)^ h mmm m^i!^ m ± ^ 

c (75 ^ as ^ -< ^ h /V a¥ flii la ]^ D 5/ h {t 
^ ^ mm X ^ m m ^ 1^ <^ itL m :sl m m X m M -r m s (t? 

» ^ life ir , 

:L(D^&c(Dm:h^my-v =^mmi^ x <o miSimm i^J)^ b b# p^n 
m^My - V =^mm^m t ^ ^m-r ^ o 

mm (Dmm^^mm 
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<7)mmmmi^i3^^x . h m m mm m m ^ (d mm t . mm mm 

iii3{*, ^mm ^ o F rtM^my^ ^co m 2 (D mmmm 
{c v^ T . mm^"^ ^ ^ h m^-Rx^m'M\^mim (Dmm t . 

1^ ffl ir ^ p« h X (D m- ^< ^ c 2^ m K M 0iJ ^ ^ L fc 

EI S o 

2' h m ^- m mmms (D m ^ ~ D ^'^i^n ^ ^-i-B^r^ - mm 
2^ t4 la T- fe 5 o 

2/ H <t CO ?s ^ @a g CD iifr :7 — V =^m^M^fj^-rmm-mm 
m T- 5 o 

fc- v^ T . * 3 ^ U fc fnJ ^ /fl ^ 7« > h <7) $ij tt m 
I217{^, :=^3^m ^ O F D M^^'^-J5 ^(D m 2 (D mMMM 

v^ T . ^3 L ^ s(j ffl ir p< h (Dmmmmn 
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Ei8{*. m5(DmMMmti^x. '4^^m i^m ^ o f d mb 
i2i9fi, mecommmmti^x. ^mmi^m ^ o f dm^^ 

JWT, ■50FDM{5Kl;^^t^(7)OFDM{5i|^ 

;^ ^ it U jH {f H , ^ m ^ g ^ Jfe (7;> ^ o v> T i¥ JNfl 
m i- S o 

cm 1 ^ JSi CD s ) 

^ Jfe CO ^ C7) o F D M ^5 TM4 > 1 3 m 0) ]^ 

"9. i<sic7)ir^^>/h[ii o 8^^vT(Dmm^ xm 

1^ ffl ir 7< >- h CO V^ -r 75^ T' +i ^Jc ^ H 5 . ^ T' « 1 

mi \c m m m i& m ih ^ i-^ m.m m ^ m ^ h (^gti 
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m m m ± ir ;^ ly Y \'i . l ^ /Ulht^ ^ 9 ^ ^ ]) T (D 

=k m tz H m m m B m it ^ t . 9 e ^ ^ y r (d mmwi ^ m 
tz m m m ^- 1 h m m ^ ^ o 

Hmmm^mm ^ t . i v t (d m m ^ ^ m tcL m ^< ^ 

:irTMi. ?8^i^^#:-e<Z5dr^ yT#-^k?rO;?i^b 1 4 0 4 

i • 108 + k' ^mtc-t-hcDt-r^. 

^ ;^ h t t> (5) ^\Z.X^-^^;^:yh\^(D^^VTm 
^k' (7) M it ic: id tt $ H S o (5) ^^;^C*5V^T. mod fifij 



k' = 3(n mod 4) + 12 p 



( 5 ) 
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m-^ r ^ ^ h (7) H M ^ m B m m ^- mm ^ ^ m ± > h (d 
H M m m im ^- ^ ^ ^ ^ ^ t ^ tt^ l r vn § » 

±. (D m \z. ^ . mm^k^m-^ V h t mmmu^m^ 
r ?^ >- V ffi I. X- ^ r> X h . mm^mm-^ ^ }^ v 

^ju tf e L T ^ a $ tb 5 ^ {d {i # jtiD It e 

m /js T IH e ^ -5 w ii \^fi: . -(Tf- ;!jp t* fS e iH it 
^ iT. 5 tf $K i- <t o T fi ^ ^ m ^ BE g t b UN J; 9 
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* 1 Hmmmismm "^(7) m^mmm 













y T # k ' 
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1 1 
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61 


96 
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104 
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76 


97 


5 


1 8 


57 


76 


92 
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3 1 


39 


47 


65 


72 
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89 
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13 


89 


93 


98 


102 






74 




16 
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37 


74 


83 
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40 


89 


40 


72 


89 
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44 


61 
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10 
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36 


48 


52 


64 


74 






85 




78 


82 


8 5 
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102 
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1 1 
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89 


7 


25 


30 


42 


89 


104 






70 




34 


48 


54 


70 


101 
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12 


98 


101 


10 


30 


55 


81 


98 


101 






37 




23 


37 


5 1 


68 


105 
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^ > h (D^wcy<^ u 5, h m (D m m w^m m (D m m B ^ ^ i^L 
g -e s o ^mt^ ^< ^ r2 h m . m^m^^ ^ ^ h m ^■ 

^ M o T 5 o 

121 2 {;i , mm^^mt 1^^' ?^ h (d m ^< ^ ^ ^ h (d 
sa fE . nwi^^m-^ ^ V X- (D m y< ^ n 5/ h m w ia g 
M ^ -r o HI wi ;i & m ( -v- y T ia g ) , mm\-t^f^m\ 
> :^ /u :ij ^ m^ti'^u^ mm. \^ ti h (D X h ^ . ^± ^ 

rtt e> <7) ^ ^ n 5/ h ft ^ ^ t>\ ill- Sffi a :y h ft ^ tt . 

-?:tu^'ti-BaS$tv5^-t y T##-k (ir^"~p« >- i :s.t>' 

#-lr^';>f^hf*j(0#-tyT#^-k' (cj;t9^*5) 
5 P N ( ^ M S-L ^ ) ^ ^ij w k ( w k = 0 , 1 ) \Z.m-5 ^ . 

(6) ^(^Tj^-r^m-^:^ i-^^ck.n X mmwi^^m I. 

T # H S o (6) Stt-*3V^T. Re { c k, n ) =^ y T 
k,n tO^^SP^^:!:)!^. Im {ck,n ) & ^ -T . 




( 6 ) 



wo 99/01956 



PCT/JP98/02942 



23 



ti iia m m^smm -^it . 9 & ^ ^ v t (d m m ^ ^ m x m 

K^m-r ^ \^nmmm(D mm. . mm mm.%^\ m m if ) 

i v^ L . It ^ 5/ h<D\-^mmmi^Bim\^x^ii\^^ t^^ 
m - ^ m. ^j^ir ^ m m m m td ^ m m \^ X h ^ o 

^ ^ X /i-^ ^- n (D > ^ X Bm-t ^ mm m n ^ y 
h^Sn t-r^t. mm\^m\t^n (7) ^{i^-rm*-<^ 

T M Slj 2 ffi: P S K (Phase Shift Keying) P $ H 5 „ 



L . :7 U — O 5fe > ( V- ^ 7}s yl- H n = 0 ) 

. m m \n m ^ iSi m-r ^ \-i ^ tu iii (t? p n ^ ?ij w ^ i- s 



n 



n 



, Re{ck,n} = Re{ck,n-l} 

Re{ck_n} = -Re{ck,„.i} 
^ lm{ck,n} = 0 



( 7 ) 
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Ko} = fx2(y-w.) 



( 8 ) 



, v- 7}? ;w {c 2 ?/ h (D m m m n ^ B m-r ^ m ir. n . 

^ij ^ ^ 7}? /V ^ T' (7) M ib 4 P S K P ^ ffi V^ fc «9 , -5 

©J L . :^ /i< /V s ^ n n 1 5/ ^ -r o e ii^ -r 5 j; 5 '#j 

'0 H i-f X -h X o 

<^ P3 «D ^t ife ffl ir r p< h 3> t!t ^ p h ft ^ . # ^IP tf -(5 
ill ft ^ ^ iB ^ tL , ^' -f /V tt $S S -:5 V^ rife 

*t ^ ii ^5 ^ 5 „ ^ CO Ife *t fi P , X. Q 
PSK. 16QAM. 6 4QAM'^ia7'^^'/5J^V>^H5o 

P ffl ir ^* 7« > h It * e jl m J^A T ^ a J: o 

T m P $ 5 „ * -r , ^° n 5, h ft ^ 55 ij^ ijg y< ^ 

P :v h ft , ^"i^X^^^^ ^ V V m ^ ^< ^ XI h , 

il^ ffi -r o y h ft ^ ^ ^ ^ yN ^ n h ft ^ ^ P L T 

S m ^ ^ h P L T . 5> S5: ^ n 5/ h f tt ^ S 1/ Sil- 

^ o 5/ h ft t'^ iMci -5 ^ & M ^ T « e Sg # ^ 

4t ^ i- 5 „ ^ b id . :7 ^ /I. ^ J; o T ;g| ^ ^ [p] ^ U« Tjf 
/I- ;^ [Ti] ffl Ril L T fg fs ill ft td ;?)^ s g ss # 14 ^ ift ^ 
5„ iOct 9 ^clLT^tbt^/cfSi3|iiS^ltttTMt^eillff-^^^lm 
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(Dmm^^ m ± 1^ y< h « ^> o h m > ^ tj« # ;jd 
m ill m ^ ^ (Z) fflg ill ga $ , it ^ s ^^ 

T 1^ C ^ y T # CO PI ^ -r 5 >- /-J? /I- PbI T M gi) H ^ 
^l<7)|gitl^pi::{4, -^(Ix-tt*. DBPSK, DQPSK, D 
ill m . mi ^ /i^ /K^ |5] C -r U T # co tt $8 iH ft ^ T- 

m J; o T m ^ s ^ ill 1^ jg? ffl ir r p< V h TMi 

> ^ (73 ^ Sb m P J: o -C iH # CO /ii^ it # Sj g: 
ft {d ii L S m ^ 9 r T 5 o * . -fe ^ ^ h 

^*:)-ti:5^ir-e. '(Sill^^(Z)^l)b^f#5::t/^<^|i:/^l>-- 

Y h 1 ^ ^ ^) r <D m.mwL ^ m \^ mm ^ ^ ^ v -b^ h-fa 

19. lflSI<Oiri/7«i/h«10 8dr-ryTcOiS:illi&T«Rfe$tt 

4 0 5=^r1r U TcoMil^jS^fflV^S. 

1^ ^ ^ jgc ffl -fe- i?' ;>« >- h , 1 v- >- /J? fo "9 9 ^ y T CO 

iSill^SSr/fiv^fc:^iit/-?^ o s/ V m% h . 2^^ yT<7)jSJi||jS 
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m^<4 CI 5/ h m ^ t . 5 ^ ^ V r (D m m ^ m m m m Wl 

S o 

(om^ . if ^ V ^ ^ \ ^ 0 h 1 2 CO m.%i . if ^ \y 

i • 108 + k' ^mtz.'t ^ (D h-t ^ o 

nn ^m.m-^ '/ v h tvi is: b n s ^> tsc ^ 5, n m , 

^k' (Dj^eil&;;iiatt$iT.So (5) 5C{:i*3v>t. mod pj 



?it y-? ^ n f m ^ ii . ^i\^^f\^m. 2 ici.Ti^ -r # ir i/" 7« > h I^J 



k' = 3 (n mod 4) + 12 p 



( 5 ) 
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irp«^hjjSj!H£Lfct>t^, T$>oTt>. mm^^ m ^ r ?^ h 
h ft -r ifl B ^ n 5 - <t <9 , ii M /-^ o ^/ h ffi 

^ JJJL ^ a ill ft O fSi gij ^ m #J T' ^ #7 5 o ^ &|5 

<o (4 ^0 & t/ IS ti -e la i- -5 -r n h , m^^. 

mmtkUm^ ^ ^ h b ;}^ S ffi n y Mt . 

5 . ifi*- iSl ^< 5/ h ft Sa g « . e!| i- S p] so ^ ?S -fe: iT- 

^ V h w ^ igc a 2/ h ft ?B? m @a E isi »i +4 ^ f* o fi 

g T S o 5g -r o 0/ h it , 1^ ^ ^ p ,^ ^ 

^ ffi O T V^ 6 o 

la 3 , ii -r c h ia ^Rxj^m mm mm ^- (Dmm t . 
mm^mm-^iy'^ > h 5-> m ^-^ n h m ^ (OEim . mwi 
^ ffl ir i:'- ^ h X <Dmt^y<^ ^ h m (D^ium^ 7fk-r . 
mmnmm^m ( ^ u r mm) . mmnmmm ( 4^ /l- 

*-|^) ^ tc i, (D X ^ ^ , #-iri^^^hf^(^=5r 

•ryrS ^0;5^bl0 7(^^^irL. lf@(Oiri^'^:/ 

ft . fli-'J t^i # ft fi tie n y h ft ^ fi m 6 1^ ii 
f I 9 fi- "b S „ 
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(-trjT^ i RU^ -^r r ^ ^ h \^ <D ^ ^ ]} T ^ ^■ k ' 

J; «9 * * 5 ) M Jt;; -r 5 P N ( ^ fi^l SL ic ) ^ w ^ ( w ^ 
= 0, 1) }CS':3#, (6)^i^7jk'rmm^:^h/i^c\,^n 
J;oT«Si^?S^^Bl»^LTt#fjnS„ (6) it(i*3VNT, Re 

f5-rS^^-<i^h/l-ck^n<^^^S|5^a;bL. Im{c 
k,n } fC §15 ^ ^- *P -r o 



m m 'i^ mt ^- n . ^ th^ nm 3 -r ^ ^j'' ^ ^ h o 
^ y T n k ' o ig? tc la m $ tb , ^? /u- s (c i 5/ 




( 6 ) 
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/I- # n (7) > # /U T ill i- -5 $IJ lil It ^ t' 5/ h <Sr S n 

=^ -r S «S ill ?S {* . if^ ;^f^X'^Wi 2 m. V S K (Phase 

Shift Keying) 



Re{ckn}= Re{ck,n-l} 
^ lm{ck,n} = 0 

Re{ck,n} = -Re{ck,„.i} 



( 7 ) 



fB L . V' 1/ — A c:> 3fe /J< ( ^ # n = O ) T 

m m m n ^ ii. m-r ^ mmik \t. ^ b& as p n m ?u w ^ s 



ImKo} = 0 



( 8 ) 



i^j . > 4? /I- s 2 y h (D m m m Wi ^ ^m-t ^ ^ ^z. . 

^?|J X. Pb^ -e CD ^ Sft 4 tfj p s K ^ i3 ffl v^ 5 o 

IWl ») 1^ ?S ffl -tr ^ ^« :/ h {c: ^ It b tu 5 ill m ^ fi . tw izE 

o:> m m m )^ :y V <D m ^ k it , ig m n 
5/ h ft ^ . ^xi. m tf ft w ^ » #R in (n sa $ . ^- ^' 

tt # S -5 v^ X i^fe *t fi P S S o ^(DWLniu. 
P {C {i , -e^iJ X }i\ Q P S K , 1 6 Q A M , 6 4 Q A M 

7^.^ if /j5 ^ v> b S o 
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^ >y V m^■ . ^^mr^y< ^ ^ y h is # <^ ^ tsc ^ n h , 

iffi /N" n h iMd 5 iSI iS m ^ T' (75 e iH Sg It ^ 

;^ {c ^ L T -ft ^ IS It ^ § ^5 jH lt& # t4 ^ ft S -r 

•So ^ <D J: ^ b T # b fci {5 il^ S§ i|# +4 T* tf {5 m ^ 1^ 

h It ^ , u« , ffiij tf ^ It ^1- 1^ jjic se ^ H . ^ 
^ t* s v^ T i5] c =^ y r # p ^ -r ^ > 7^" /u 
r^i T' ^ sij 1^ tj^ is $ n 5 o 

^ (D m:W)^m ^ ^!lxf±*. DBPSK. DQPSK. D 

It li , Bij > 4? /i^cQ [Wj c ^ ^ y T # <7:> tS $B {S itlS T' 

m J: o -c ifii ® s ft 5r . ^ ®) 1^ ;tj -fe ^ h t' n 

FmI M «!j m P J; o T ^ Bg # (Z) lb ifi v^ ;^ Sb ^ 
It ji L S IS ^ tr 9 t 7)^ X' t 5 o * fc. ir r p< Mi 
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S o 

^ # ^ (7> +g s. tj^ ii© p -r s ii ic ^< -Y n 5, h ft <^ @fi g 

iRiJ TMi S -ip <!; 5 ^ -V y T L T f ij ffl i" 5 r t /j5 T' t 5 o . 

(l3-iri7'pti/h, 78=¥-YyT) cDig^^^-Tn^^h 

fci ig -Y D 5. h It ^ (7) ^ i!c Sfi m jiJ ffltt ^ v^ c 

/iS S o 

^ ^-^^ ^ ''cC if ii 3S J: o T ii a h it ^ jgj 

a e ig ?^ SB « }c o T v^ 5 „ 

^ n b « ^ yi' ;^ >9 . S3 \z.7f- \, fz.mm \t m\% % (D 

ia ^ /is ^ »! Tfe v^ r ^ ^5 4^ § ^ 
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^ ^< :^ t* (D m m i& ^ ^ r m m m m m ^ m-i~ ^ 

r t ^ K C C i T- # 5 o 



0 8 *5 V> T . tf $B e ill m ^ fiJc iHl 8S 5 1 TMi , A :b ^ th 

s v=v ^ ^i- m m idin-. m \z Jt^ c X m K) m '0 ^m. (.m ^ niiEn 

^it'^-f V . =^ ^ ^ - i)}:m fj: t*) t T' ^ i> 

m^M-to . 4 1^ /^<nmx — m^^ h ti ^ 

T' b T V^ 5 „ 

iKj flfl ^ & /i j ir ^- p« >■ h -e 7=v ^ /u^^M t 1.x mmt^ 
mmr^m ^ ^ o ^(DmMiiLnmm\zn. m ^i^. q p s k . 
16QAM. 6 4 Q A M m m ^j: H m ^ ^ o -^.tz . m 

m ± ^ ?^ > h TM± 7= >^ iJ' yl- tf # S T IpI D ^ -t u 
S(j^p{C{lB^iJxtt*, DBPSK. DQPSK. DAPSKf^ 
# tf m dfe fiJc 13 8S 5 2 }i , At] :^ ti ^ HMmWH^'^^^ 

iz jt^ z X m 'o m\ m f/Gi m ( ^ it ie -ft ^-^ >- y - , ^ 
^> ^ - Sic fc* ) t ^ ^umm ^ m-f' o ^ 9 ?\^^ 
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m t l^XM (Mn 2 ±(D ^ i^.^) m P S K ( phase Shift 
Key ing) ^ ^ . /"K ;^ l&J T' (D H ffij M ^ P S K ^ H /j: 

^ m V^ S „ 

mw\^m^^mm 5 e , ^ m #] s i: ^ ti. s ^5 ^ - 

^■r ^ o ^ o a . H Mm ±^mm 5 2 izx m ^ m 
mifi^im t ^ v> ^ /V n ^ it $ -5 ^ mcDHMmm t 

^ ^ y-? ^ n 5/ h m ^- ^fi^m^ 5 3 i-i ^ =^ y T Ba ® iHi iJS 5 

f£.;-rspN (^fj^am) ^^ijwk (wk = 0, 1) (cis-^^ 
li ^ H ^ tic ^ o s/ h If ^ ^ ^ /ife -r § „ 

j^?-r5PN (MfftgL^) m^'Jwk (wk =0, 1) (::^':5# 

P ^ H ij* ^> ^ cr 5/ h it ^ ^ ^ ^ -r -5 o 
yT#-^k{C*j-JS-r5PN (^{ftSLIgc) m^ijwk (wk = 0, 

1 ) \zm-^%mm^ntzmmmmy<-( o h m ^ -r 5 „ 

5^ ^^ n y h ft fi ;|# IS L T v^ . i-^ m 'It m ft ^ 
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Hmmnm ^ ^^mn 5 2 , ^ tJ: n 5/ v m ^ ^mm^ 5 
3, ^ ^ y h m ^ ^li^mm s A . ^m^^^< ^ ^ y v 
m ^ ^listm^ 5 b <D ^ m ti {m.m^ v /^n) ^ . Bm^^ — 

X ^ m 'I' C3 5/ h ft ^fe p3c iHl 5 3 (7) lil ;^ (± , MB 

y T [13 Pi T' o >- # L ( L n o m ) =^ ^ y T -T 
o :7 b $ i± fcl^ it id B § -5 „ ^ -r a 5, h m ;i 

Ac, f J- ^JD t# $S ^ ^fe fife iHl 5 • 2 <D tU « , •fiTiJ ;t li' ^ 1 1^ ^ 

h ^wimm^^m^ \^ . is s ^ v^ ^ n s ;^ - k -r - y< /u 

MliSc^^i^Eisseofi, ^ n o ¥ r> m m ^- (D m m 

^ \z.^m-t ^ o 
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}$.-r ^ ^ t fA-c ^ ?> . 

s T ujc $ ti. o F D M m ^ ^ m u , B m ^ (o nif m m 
HI 9 {;i *5 ^^ T . ^ — -r 1 1 . ^ thit o F D Mm -^■ 

1 2:d^m:hir?>^^ h /i- m. h Wc ^< n h m ^- R li^, m 

^£^(^t&y<^ hm^. s ^ ig ^^ ^ o |. |g ^ ^ ttj -r § „ 

3 x-mta ^ nt:z'^wcy<^ t2 y h m ^- . m-i^y<^ m y h m ^ 
xjpmmm-fi^,y<^^^y h m^i^Mm-t ^^mmm^^ ^ <^ k,n 

m i& ^< --f y h/W^^femsSl 4;!i5^g5fe-f5^im 

^ h T' 1^ L T , ^mi^<^^'yhm^. mr 4 V2 y ]^ 
^Ru^mi^t^ ii^y< ^ D h im- f)^ m 3!§ m ^ m m -r 
-So M r^i In] ij§ 1 6 , ^ [Hi ifs 1 5 X n h titz m. ^< 4 ^ y 
h ft ^ , iii*- iis D 5/ h m ^■Rxi^mmii^y< ^ n 5. h m ^ 
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^ m m ^ (D m m isn^ ?) B m \± ^ m m-r ^ o 

/I- a^j <^ 1 > /K /t- 31 M i- 5 o w la s§ 1 8 . mm\^n\z. i. 

^ ^ V <D m ^ \^ mm m ^ 1 Q <D m ti ^ . mm^mm'^ ^ 

X nm^m. \^ . mwi^m^m-^ ^ ?^ v x \-tmmm'^ \ 7 t^m 
t}-t ^ 1 iy n> /^m ffy^ th^' nmt^-i' ^ mm^(o^ v 

(QPSK. 16QAM, 64QAM. DBPSK, DQP 
5 ^ & ft ^ ^ f3 L . ^ n ;t 7=V V? it $8 ^# S „ 

5 o 

1 ^ifimt}-^^^-:^ V h li ic p 5/ h ^ m -r 
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iiim ^ fhtc'i^m^^ ^ ^ ^y hm-^i^Mit^-r^^m^m^^ h /u 

SS2 l-e^tf^m$^^fclii^^/^°-r^-;/ ^. ^ ^ ^ h 

2 2 fj^ ?t ±-r ^ m m ^ h /i- -e l t . mm^^-^ ^ ^y h m 

mm mm 2 3 ^ t\.t:zmm.y< ^ ^ y h m i:i ^ b m 

Jz(D ^ h h . * ^ lifii ?r0 St ft ^ E ^ j: n {i\ 

\^ <D m m mm \z. ^ ^ y ^ ;v ^ ^} ^ \z. ^ ^ X m m. mm ^ m: 

m -r -5 C t /js X' # . M ^ /H -Ir ^' ^ > h ^ /j^" /V PbI (7> 

n » m is id J; o T !f§ ii# (7? it v^ # sb s m .{^ Ji L /c 

4 {d *3 v^ T . Vx K) )g L w v^ {5 ill ss 09 > ^^ /I' X ^ # -t* ^ 
# -5 -e $ ^ o 

ffi |g ± ^ij ffl t± 

U±.m^tz.^ 0 , * |§ iH 5C flj ^ g ^5 i^ 

li , ^ Dj ^ it ii L H ib # ig? ffl ir 7« > h ^ ii ;t 5 r ^ /j5 
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V (D m m ^ ^ m -^i: -r \^ . -tir^:/ hm\^mm^ 
s ^ ^-^ -< t3 5/ h m # ^ ffi T . s d c T ~> ^ J}? /I' an 

T' rr 5g L -fS it 5ES c7^ ^ ;^ j^;: ^ i|# 14 ^ * i6 S <t 

ft fc: ii L /c'^ p ;^ ^ 5^ A L , * fc. ;t f±* ^ n h 
C J: 9 iS ig ^ u h ft ^ @Q g L fc O F D M ii 

^ t -j^ 'ji ^ {::-m'^' ^ m m m m Rxi {% m m. ^ m -r ^ r <b 
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f f CO 15 Iffl 



( 1 ) :^ >- /i^' /i^ MI KB S S v^ {c in ^ f S ^ ^ M id 5 

mu^^m^m (of dm) mmy7^i^i3\,^x ^ 





m 


IB ^ tSc CO ^ ^ c;^ 9 *? , 


m 






L T 


1 


o 


« _h OD -ir ^ 




_h 








y-; 


4 u h m -^■ 


f ij ^ T . Hff IB 1 0 JiA 


±. 


CO -fe p< >' b 








h e ni^ »] 1^ ^ ffl * (i 




1^ & ffi 


-fix 








-5 :^ it -e fo 0 T , 












HU 


f a 1^ «g ^ ffl 


ir 7« h , v- 






/l^ FbT & t)? Ml 








»J 613 {d tic L 


M ^ j« jg? 




# ^ ii & 


nm 






p -r 5 tic 


4 XI V 


L 




>- 4n /i^ (t 


h 1^ 


c 




^ m (7:) Jig ill ?S 


(c: 3 1^ ii {i- 


t» 




(d 0 T M ( 


M it 


2 




-h CO g f,^ ^ ) 




ly 




( M ta P S K 


) fo 






7}^ 


1^ -e CO M i/J M +g t@ 


iy 




h ^ - > r 


J: 






P -r 5 i^- tt 


$R f5 ft ^ ea L . 


_h 


IE 




iz. a 








/i-mn ^ig 0 


T 




-r 5 It e 






















ml 


f e ^ ffij ^ ffl 






>' 


/V i: ^> 15] C 






CO 




M )^ ?S <^ <^ t* ^ {d 


tie 


■0 


T M #i tS 


y h 






-< iJ^' & 5 v^ 


v- >- [pj T' (D 




» 




h 






^ ^ J: 19 


m-r ^ m m n m 


it 






-r s 




m 










h ft ^ jg? id 




CO 


MI -ti 
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( 2 ) -> /K /i^ 1^ ^ Ci S v^ }r ia ^ -r 5 iil ic §8 <c 

^m^<Dmm^i^^m^m\^xr'^i^-$'/i^mm^&mi-^m 
^mi^^'^m^m (ofdm) <s:m:fv^i^ts\,^x. 

1 ± CD ± ^ V hf-fij^-c, 1 -^iii±(Dif^m'i&^mmm 

{i^^< ^ n h fS ii] T . ml IB 1 o m _h (73 ir iT' ^ V h ^ -fe 
f)^ — ^t L T /tl 5 ;^ it T' o T . 

munm\k^m if h -cm* , ^ m m iblxj^ m ^ 

||>M -e ^ PI -r S 5^ ttSc D 5/ h ft ^ la L . S ^ t t IWl 
t- 5 it ^-^ n >^ h m =1: Sa U . V ^ ^ |5] D ^ 

>- ^ric J: 19 P -r 5 <^ in tS ^5 ill m ga L , ±.uy.^<D 
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^ ^ it. 7)^ /l^ :)f X (D mmwim itL^ i^y h dr f ly ^ 

{-J; "9 mm -r ^ H M -m m B m m ^ ^ m . mm-r mmm^^ 

m tz-t mm.^ (D mmm.\^ mmm^ ^ m m (D \iLm R■a^mmx 
mm■r VI h It ^ ifi L . AL^e. u (D m. mi^ \^ ^ 
tkmimw.^ mmT' ^ ^ n k x mm ^ m ^ Bi m m 
^ ga L . 

muwrmi^^^^ o >^ vm^^ . m mm m ^ m m ^ ^ ^ 

( 3 ) M te ITTI ft? ^ & /A -fe iT^ ^ ^ H O Hij IB # iP tt # ■15 

m^<Dm^-^m.m. t . tfj la n » « ir r ^ v h ^ ct) stf is # 
D\i \^ n B m m ^- (D m ^ Wi^i m. \t , — ^ * s co be g <t o x v^ 
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f» jR JS 1 * tt 2 IE « i£ 55 jg? m 5> #1 # a e'ii^ ^ i*: „ 

(5) m m m m m ^ m ^ ^ h ^ CD m s&m m y< ^ ^ iy 
h m ^ <D m ^&^mm t . mmmwjm^m-^ ^ > ^^(o mu 
li ^ /■? D V m ^ (Dn'&w.m.m.yt ^ - ^ * ii iSB g <h o 

(6) mBmm^^m-^i^'^ > hT-f±, mw.mm^<^ ^ 

5/ h fa ^ «D jgt ^ ia g ^ . ffl ^ Wj ffl -tr 7« ^ h o Rti 12 

-rs!f3it^2iBiiiK(Dii:3e;s)jKiSc^fii^fif5jii;(75s:o 
Mis T^:f7 

( 8 ) Hu te S'j m tt M fi # ;^ [pj T' o M Kj 2 ta & +b 
^mnim t . mmmmm^m^ ^ ?i :y h (omm *ij p tt ^ <d 

r« ^ ifl K f* , — ^ * ii CD IB B o T 1/^ -5 ^ t ^^Wi t ^ 

(1 0 ) fill 12 1^ sfH^ ffl -fe ^' >« V h -c fi . ml H5 fftiJ tt $B 
<7) ;g & m a , M 12 M 8ii & /B -fe r ^ > h HtJ B2 ftf'J ^1^1 'It ^ 

(ommwumoy-^ t -r =b r ■b^ii*m<t-r5se*:^7i2m(o 

iff ^ Pj m ^> f J # m e ;^ 5*:: o 

(1 1) mmmm^^^^ vx-\t. ttsiiiS^^^N 
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^ N ^ ^ y T Pp^ T' o ^ 7j? S ;r L ( l (om^) 

^■v V T-r-z> y h ^ tz m m ^ ^ ^ t ^ m t -r ^ 
m^m. 1 7b m i o -rn mm <d ^ ^ m m m ^ m ^ m 

^ Hti IE # ;(jp tf e ii ^ & . ^t%HMmmBim\t ^ 

(1 3) mmmm^nm'BLXj^mWi^mm-^ ^ ^ hTMi. 

^ ^ f\. a:, m U^MW. ^< p 5' K ft & . ^ 1^ ii o y h 

(1 4 ) mmmm^mm^xy^'&m^mm-^ ^ k tm± . 
tb ^' ml IB # tw- fs e it m s. ii -r a >;/ h m ^ . 
a f^- An $a e it ft ^ iS ^ n b It M # ^ -a- 

-ti: ?S m Sa B (7:) :7 - y 31 ^ ^j- ;0S ^ ;^ 5 J: 

y ?fe/i}&m«^i5it?fe(-ia-r^ r t ^ mwi t -r ^mi^m 2 mm 

o it 5S ^.f'J 0 s e ii :^ 5t o 

(1 5 ) ■mmw\m^Wim'^ ^ :y V t mmmw}^^m± 
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(1 6) mmm-^^<^ y Mt ^fiSlflHIgKji^Jgiffiirr 

(17) i3m<D±^:^i^vti^^^)T(DmmTi^^m 

^'^ tzL^WL^^M ^< 'o -/ b b ^.e "J > 1 ^ <D :^ > V it 1 0 
y T CD ^i^jg /j5 ffl ^^ 

ffi v^ # 15 il^ it ^ pjc $ H , 

V^ fc # ;JP tf fft ft , 1 dr y T (7^ ^ ffl V^ iiJi- iffi 

n <^ hit <lr . 9 6 :3r ^ y T ^ it ^ ^ vv ffi- $B jH ft -f- 

m 5> '#) ^m.iikm:f5A. 

(1 8) 1 3^E|(D-1r^'^>'hi:l=^-^yTcoj^ittg?5r/H 
\'^tz.mi^^^^^<4u ~y h b "9 . 1 f@ ^ -tr ^T' 7< > « 1 0 

'-^"^.^ fz\-^ ^ h . 2 ^ ^ y r ^ jjii ^ ^ 
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h m ^ t . 1 dr -Y vr<Dmm^Si^m^^t^mm^<^^ ^ h it 
^ t . 9 6dr-y V T (D m m ^ ^ m r:z m m m ^ t h m 

fi -IS i5| ^ o 

(1 9) m^m 1 1 8(D\,^-rti^>^i^(Dw.^mi&^ 

:5)-t'J#fifeiJ^;^^{c:J; «9 o F u M m ^ ± ^ m m ^ M m 

S o 

(2 0 ) m^mimm(Dm^mmm^^m^m^m:f7^i^ 

— ;^ d S"! 0 ^ T -5 SB 3'"'J ^ © > 

mW^'^^<^^vVm%. nu IE tS $g ii ft ftfj IG ft 
fR e i^- m . mr IE JSi n 5/ h ft , mr WE iHf ^ ffi D 

ml SE iSa ^ T' « . mi IE ^ ^ n -jy V m^-^mmn 

m. SB -E CO SB ^ -r ii ?S ^ -e o {5 ;g] jg£ it ^ ^ « (7^ # 
3tll^{-gSb. m^lEI^SB^^Kffi-^ri7~/>'^(^ov^T^±. HfilE:5)- 

ijjc ^ p 5, fg ;g, ^ nw\ Rxf m m m ^ \^ 
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L fc as St 1^1 la u . mmHMmmBmm ^- ^ n :y ^ t t 
H M m m m ^ m :y t zmiSi^(7)mmm\^M 

(2 1) !f5)tJi2iBmoii:5^;gasiSc^liij#s<5j||:^^{c 

J: 19 OF DM'(f-^S:^3ifi5c-r'5illfti^eT-$>oX. 
— ;^ Si| >9 ^ T 5 Bil ?ij # © ^: , 

mj te 5> tie -'•^ -f n 5/ h ft ^ , Hij rd # tt $s e iH ft # ^ str 15 'tt 

« {5 ill ft -^^ Huiai^«^Wos/hft^, m^^m^^^y^^ ^ 
V . HU IB M ^ D s/ h ft # ^ ^fe fife -r 5 {t ^ dfe fig ^ ^ 

rat) 12 Bd ^iJ ^ T' , mfZ^^m^y< ^ y h ft ^ ^ hu 12 [s] 
SB 1^ ffl ir ^ ^ h *j It S ml fS^> tic u 5, h f f o jzfe 
^ la ffi CO Jg) flS ^ ^ -r iSl ^ T' o fg ^ m J|g is 

t ^ ill {c: la L , Hu le ii ii^ ^^ -r n 5/ h ft ^ S v' > /u- 
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T , HIT IB ji ^ ta h ft ^ -i/ V Tj? /V t [5] C Ml igt ^ 

(2 2) ft:^IIl7!7Sl8cov^-fi^/^>^f2*!tCOjlL^j^^S^ 
:9-#l#Sf5j^-:^^i;i J; "9 ^ th ^ o f DMjt^^S:{t 

(2 3) ff5R3Si7!;Si8t7)i/N-rtx;6^BBit<7:>ii:55jSl^iS: 

ml SB S: ft O F D M it ^ ^ :7 - y ^ {d J; 19 u# Itl ^ ib 

iiis^fi^(^'ft-^{r'^j^-r5 r t X X niimmmm m (D iu. 

^(D^!^xmhn^-<i!^ h n (b m M 1^ wc ^< r=i h m 
^Rxfmm^i^^<^ n h m ^- R -(J m u m mn^ y< ^ o 5/ k 

o ^ ^ T' Wj m ^ H H /i^ SI ^ mi IE ^i- Sic -r D 2/ h it 

^ ^ Ru IB *l iffi ^ ° >r D 5/ h it t>* mj IB ?jf iS n 5, h 
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vi^-^oym:tfm^-xmu i.x h /\^m^i^)^m :b-r ^ 

m 2 (omm^^st t ^ Mrm-r ^ z t i:^mt-t^m^mm^'^ 
w\ ^ & <A m ^ <D ^ m m m . 

(24) m^m I 3 mm<^m^m]^m'^'§>i^mBm:fj7K 
X '0 ^ ^ n ^ o F D M m ^ ^ m \^ m m-r ^ ^ m m m X 

fe o T , 

mm^m o F D Mit ^ ^ y — V =^ '^i^iz X r) mmmm^^ h 
m^Wi:mm<Dm^\^^m-r^ ^ t x ^ x mmmm.^n(DiiL 
ffl <!r ^ It's ^ ^ *3 -r ^ h /i-m^n^b -y — v =^^i^^m t . 

^ CD # ® -5 ^ h ^i^mi^ h mf.se mm^^m'f^r?^ 

> h R u m m MW} ^ ^ m ^' ?^ h CO Hu j$ ^ n v v \t 

C c7:> ^ T' tt ttS $ ^ ^ h /i^ P ^ HU IS il iii -r C2 5/ h ft 
^^^m\.X\^-hm^^%<D\iL^RXimmx'^.%-^ 3 (D 
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